Materials and Methods
Acoustic data on the spawning population of sardine were obtained during four cruises con ducted in the area off southern Kyushu (Table 1) . Single-beam 50 kHz echo sounders were used: a Furuno FQ-50 mounted on the RV 'Tansei Maru' (470t) and a Furuno FQ-71 on the RV 'Hakuho Maru' (3,987t) .
Each echo sounder was inter faced to a digital integrator, logging system, and personal computer. Transducets were hull-mount ed. The acoustic systems processed echoes and output the mean volume backscattering strength (SV in dB) in real time for nine 10m depth strata from 10 to 100m at horizontal integration in tervals of 0.2 or 0.4 nautical miles (nm). Acoustic surveys consisted of grid surveys with wide areal coverage and repeated surveys along a transect.
The surveys were conducted in the Parameter settings of the acoustic systems are shown in Table 1 .
The absorption coefficient requires attention because it depends on oceanographic conditions such as water temperature and salinity. The acoustic surveys were made with the absorption coefficient set by anticipation on the values in Table 1 . The actual absorption coefficients based on oceanographic conditions were calculated using CTD data in the cruise KH-91-2 and Francois and Garrison's equation8) for two representative sites of the inshore and the Kuroshio regions: 13.75 dB/ km for the inshore region and 12.75 dB/km for the Kuroshio region in the range of 0 to 100m depth. The setting values of the absorption coef ficient in this study differed by 1.74 dB/km at most from the calculated values. This difference corresponds to a bias of 0.174 dB (4%) at 50m depth. There was a difference of 2.3 dB/km in the absorption coefficient between the two acoustic systems, which corresponds to 0.23 dB (5%) at 50m depth.
Because this is likely to be a minor source of error in the 10 to 50m depth range for which acoustic data were analyzed, no correction was made for the absorption coefficient.
Fish traces above 50m depth on echograms were identified by a gill net, fishing lines, and underwater TV. Sardine predominated consider ably in fish collections, while other fish species including mackerel, scads, and round herring occupied only a small portion of the collections. In addition, schooling sardine were observed consistently by the underwater TV. Therefore, fish traces above 50m depth were assumed to be due to sardine shoals. Acoustic data analysis was restricted to the 10 to 50m depth range, be cause (1) the vast majority of sardine were recorded above 50m depth and (2) echo traces which were shaped differently from those of sardine shoals in the upper layer were observed sometimes below 50m depth.
The scaled body length and body weight of the sardine collected were measured and used for cal culations of target strength and biomass. Matu rity data were also obtained from the samples, but they are described briefly in this paper. For further details on maturity, consult Aoki and Murayama9) and Murayama et al.10) Surface temperature data were collected along tracklines throughout the surveys with a contin uous sea water temperature recorder.
Temper ature profiles were obtained from CTD casts. Sardine were distributed in the surface mixed layer, where temperature was similar to surface temper ature.
The mean SV was converted to the mean fish density using the following equations (1) and (2).
n=10o.i (SV-TS)
(1)
where n is the mean fish density in number (no. of fish/m3), SV the mean volume backscattering strength in dB, TS the target strength in dB, and FL the fork length in cm. The TS/length relation ship at 50 kHz was derived from Miyanohana et al.11) Mean target strengths were obtained for The abundance index in the inshore areas in creased by about 2 orders of magnitude (18dB) in mid-February compared with those in late Jan uary, and it was higher in the southern area than in the northern area (Fig. 7) . At the beginning of March sardine in the SO subarea were 20 times (13dB) as abundant as those the SI subarea. In mid-March the abundance index showed a tenden cy to increase in the northern areas in contrast to February.
These variations in relative fish abund ance in the 4 subareas probably reflected fish movements in the spawning season.
Fish abundance was estimated for the same area where sardine occurred most frequently and Hi-saki is indicated in Fig. 2a . for the same period in the 3 years 1990-1992 (Table 3 ). The estimates were obtained by simply averaging fish densitives within this area and by multiplying it by the area. The estimated spawn ing biomass in this area decreased annually, and in 1992 it reached only 6% of the level of 1990. Averaged SV values for 10m depth strata and 0.2nm distance intervals are shown in a color scale of 12 steps in dB. Vertical section of temperature from CTD casts is superimposed. (Figs. 1-3) , it showed no certain tendency in February 1990-1992.*2 The observed decline of abundance of spawning sardine off southern Kyushu was probably related to the sharp de crease in population size reflected by the catches rather than to oceanographic conditions.
There are some assumptions and potential 
